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© Process of removing hydrogen sulphide from a gas mixture. 


© Removing hydrogen sulphide from a gas (3) 
comprising contacting the gas (3) in a contactor (1) 
with an aqueous reactant solution (6) including a 
coordination complex of Fe(lll) with a chelating agent 
to produce a purified gas (7) and spent aqueous 
solution (9) containing solid sulphur and having an 
increased content of coordination complex of Fe(ll) 
with the chelating agent, and regenerating the spent 
aqueous reactant solution (9) by contacting in a first 


contact vessel (10) the spent aqueous reactant solu- 
tion (9) co-currently with air (13) to produce partly 
regenerated aqueous reactant solution (15) followed 
by contacting in a second contact vessel (18) partly 
regenerated aqueous reactant solution (15) counter- 
currently with air (21) to produce regenerated aque- 
ous reactant solution (24) which is removed from the 
lower part of the second contact vessel (18). 
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The present invention relates to a process of 
removing hydrogen sulphide fronn a gas mixture 
including hydrogen sulphide comprising contacting 
the gas mixture in a contactor at a temperature 
below the melting point of sulphur with an aqueous 
reactant solution including a coordination complex 
of Fe(ll!) with a chelating agent to produce a puri- 
fied gas stream having a reduced hydrogen sul- 
phide content and a spent aqueous solution con- 
taining solid sulphur and having an increased con- 
tent of coordination complex of Fe(ll) with the 
chelating agent, and regenerating the spent aque- 
ous reactant solution to obtain regenerated aque- 
ous reactant solution. 

Such a process is disclosed in USA patent 
specification No. 4 871 520. In the contacting stage 
hydrogen sulphide is oxidized in the contactor to 
elemental sulphur by Fe(lll) which in turn is re- 
duced to Fe(ll). The oxidation step will take place 
along the following reaction: 

2 Fe(lll){L) H2S - 2 Fe{!!)(L) -h S + 2 

To regenerate the spent aqueous reactant solu- 
tion the solution is contacted with a free oxygen- 
containing gas so that Fe(ll) is oxidized to Fe(lll) to 
produce a regenerated aqueous reactant solution 
which can be used in the contacting stage. The 
regeneration is believed to take place according to 
the following reactions: 

2 Fe(ll)(L) + O2 + 2 - 2 Fe(lll)(L) H2O2 
Fe{ll){L) + H2O2 -* Fe(lll){L) + OH + OH" 
Fe(ll)(L) + OH - Fe(lll)(L) + OH" 

Degradation of the chelating agent (L) is be- 
lieved to take place along the following reaction: 

L + OH — degradation products 

In the above reaction equations OH is a free 
hydroxyl radical, Fe(itl)(L) is the coordination com- 
plex of Fe{llt) with a chelating agent L, and Fe(ll)(L) 
is the coordination complex of Fe(ll) with a chelat- 
ing agent L. 

In European patent application publication No. 
215 505 it is proposed to maintain a certain con- 
centration of Fe(ll} in the regenerated aqueous 
reactant solution, larger than about 0.15 mol Fe{ll) 
per mol Fe in order to reduce degradation of the 
chelating agent, suitably the amount is larger than 
about 0.15 mol Fe(ll) per mol Fe. 

European patent specification No. 186 235 dis- 
closes regeneration of spent aqueous solution 
wherein the solution and free oxygen-containing 
gas are forced to flow in plug flow co-currently 
through a contact vessel, so that in the direction of 
flow through the contact vessel the concentration of 


OH simultaneously decreases with the concentra- 
tion of Fe(ll) which is oxidized to Fe(lll). 

It appears in practice that even when attempt- 
ing to operate in plug flow some backmixing will 

5 occur so that the contact vessel approximates an 
ideal mixer wherein the composition of the fluid in 
the contact vessel is substantially equal to the 
composition of the fluid leaving the vessel. Deg- 
radation of the chelating agent can then only be 

70 avoided if the conversion to Fe(lll) is not complete. 

To reduce backmixing the contact vessel can 
be provided with packing, or alternatively a long, 
slender contact vessel can be used. These solu- 
tions, however, are undesirable since the packing is 

75 susceptible to fouling and the use of packing will 
give rise to a large pressure drop. And the use of a 
long, slender contact vessel will also give rise to a 
large pressure drop. 

It is an object of the present invention to pro- 

20 vide a process wherein during regeneration deg- 
radation of the chelating agent is reduced, and 
wherein the Fe(ll) concentration in the regenerated 
reactant solution is less than 0.10 mol Fe(ll) per 
mol Fe which corresponds to more than 0.90 mol 

25 Fe(lll) per mol Fe. 

To this end the process of removing hydrogen 
sulphide from a gas mixture including hydrogen 
sulphide according to the invention comprises con- 
tacting the gas mixture in a contactor at a tempera- 

30 ture below the melting point of sulphur with an 
aqueous reactant solution including a coordination 
complex of Fe(lll) with a chelating agent to produce 
a purified gas stream having a reduced hydrogen 
sulphide content and a spent aqueous solution 

35 containing solid sulphur and having an increased 
content of coordination complex of Fe{ll) with the 
chelating agent, and regenerating the spent aque- 
ous reactant solution to obtain regenerated aque- 
ous reactant solution, wherein regenerating the 

40 spent aqueous reactant solution includes contacting 
in a first contact vessel the spent aqueous reactant 
solution co-currently with free-oxygen containing 
gas to produce partly regenerated aqueous reac- 
tant solution and contacting in a second contact 

45 vessel partly regenerated aqueous reactant solution 
counter-currently with free oxygen-containing gas 
to produce regenerated aqueous reactant solution 
which is removed from the lower part of the second 
contact vessel. 

50 The invention will now be described in more 

detail by way of example with reference to the 
accompanying drawing showing a line-up for the 
process according to the present invention. 

A hydrogen sulphide containing gas mixture is 

55 supplied to a contactor 1 through feed conduit 3. In 
contactor 1 the gas mixture is contacted at a tem- 
perature below the melting point of sulphur with an 
aqueous reactant solution including a coordination 
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complex of Fe(lll) with a chelating agent which is 
supplied to contactor 1 through conduit 6. In the 
contactor 1 hydrogen sulphide is oxidized to ele- 
mental sulphur by Fe{lll) which in turn is reduced 
to Fe(il). A purified gas stream having a reduced 
hydrogen sulphide content is removed from con- 
tactor 1 through conduit 7 and spent aqueous solu- 
tion containing solid sulphur and having an in- 
creased content of coordination complex of Fe(ll) 
with the chelating agent is removed through con- 
duit 9. 

The hydrogen sulphide containing gas mixture 
can be any gas mixture containing hydrogen sul- 
phide, examples are natural gas and synthesis gas 
produced from the partial combustion o1 coal, hy- 
drocarbon oil or natural gas. The concentration of 
hydrogen sulphide can be in the range of from 0.05 
to 50% by volume. 

The aqueous reactant solution contains in the 
range of from 2 and 15 mol of Fe(lll) per mol of 
hydrogen sulphide to be removed. The chelating 
agent is suitably an organic acid, for example 
nitrilotriacetic acid, ethylenediaminetetraacetic acid 
or hydroxyethylethylenediaminetriacetic acid. The 
pH of the reactant solution is suitably in the range 
of from 4 to 8. The temperature in the contactor 1 
range from 10 to 80 'C, the pressures from 0.1 to 
15 MPa and the contact time ranges from 1 to 120 
s. 

In order to regenerate spent aqueous solution, 
the solution is supplied to a first contact vessel 10. 
In the first contact vessel spent aqueous solution is 
contacted co-currently with free-oxygen containing 
gas in the form of air supplied to the vessel 10 
through conduit 12 and distributor 13 arranged in 
the first contact vessel 10, In the first contact 
vessel 10 the spent aqueous solution is only partly 
regenerated, and a mixture of spent air and partly 
regenerated aqueous reactant solution is supplied 
through conduit 15 to a second contact vessel 18. 

In the second contact vessel 16 partly regener- 
ated aqueous reactant solution is counter-currently 
contacted with free oxygen-containing gas in the 
form of air supplied through conduit 20 and distri- 
butor 21 arranged in vessel 18. The regeneration of 
the aqueous reactant solution is completed in the 
second contact vessel 18, and regenerated aque- 
ous reactant solution which is removed from the 
lower part of the second contact vessel 18 through 
conduit 24. The regenerated aqueous solution is 
pumped by pump 25 to the contactor 1 for re-use. 

Spent air from both contact vessels 10 and 18 
is removed from the second contact vessel 18 
through conduit 26 and a stream which is rich in 
elemental sulphur is removed through conduit 28 
provided with pump 30. 

The amount of Fe(ll) which is oxidized in the 
regeneration depends on the contact time and on 


the amount of free oxygen containing gas wherein 
the amount of oxygen can be selected to be direct 
proportional to the amount of hydrogen sulphide in 
the gas mixture to be treated. 
5 The method of regenerating spent aqueous so- 

lution in the process of the present invention facili- 
tates selecting the contact times in the first and 
second contact vessels, 10 and 18, so that in the 
first contact vessel 10 the concentration of Fe(ll) in 
10 the stream leaving the first contact vessel 10 
through conduit 15 is between 0.20 and 0.50 mol 
Fe(ll) per mol Fe and the concentration of Fe{ll) in 
the stream leaving the second contact vessel 18 is 
below 0.10 mo! Fe{ll) per mol Fe. In practice the 
T5 minimum concentration of Fe(il) in the stream leav- 
ing the second contact vessel 18 is about 0.01 mol 
Fe{ll) per mol Fe. 

The regeneration is suitably performed at at- 
mospheric pressure and ambient temperature with 
20 air which contains 21% by volume of oxygen. The 
contact time in the first contact vessel 10 is be- 
tween 8 and 12 minutes and in the second regen- 
eration vessel 18 the contact time is between 6 and 
10 minutes. When required regeneration can be 
25 done at higher pressures and temperatures. 

The advantage of the regeneration process in 
the process of the present invention can be ex- 
plained as follows. 

We assume that the concentration of Fe (Hi) 
30 formed from Fe(ll) is direct proportional to contact 
time, which assumption implies that it takes about 
the same contact time to reduce the concentration 
of Fe(ll) to 0.10 mol Fe(ll) per mol Fe in one 
contact vessel or in two contact vessels, and that 
35 the amount of degradation of the chelating agent is 
direct proportional to contact time as well and that 
the amount of degradation is inverse proportional to 
the concentration of Fe(ll). In addition we assume 
that a contact vessel can be considered as an ideal 
40 mixer, so that the concentrations of the compounds 
in the contact vessel equal the concentrations of 
the compounds leaving the contact vessel. 

Let us now take as an example regenerating a 
spent aqueous solution containing about 0.80 mol 
45 Fe(ll) per mol of Fe, which is so regenerated that 
the final concentration of Fe{ll) is 0.10 mol per mol 
Fe, to obtain this final Fe(ll)-concentration the total 
regeneration lime is 18 minutes. 

In the case that one contact vessel is em- 
50 ployed the final concentration of Fe(ll) is obtained 
in this contact vessel. In the case that two contact 
vessels are employed, this final concentration is 
reached in two stages: a first stage wherein the 
concentration of Fe(ll) is 0.40 mol per mol Fe 
55 (contact time 10 minutes) and a second stage 
wherein the final concentration is 0.10 mol per mol 
Fe (contact time 8 minutes). Thus in case one 
contact vessel is employed there is about 0.10 mol 
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Fe{ll) per mol Fe present in the contact vessel for 
the 18 minutes it takes to oxidize Fe(ll), whereas in 
the case that two contact vessels are ennployed, in 
the first contact vessel there is about 0.40 nnol Fe- 
(II) per nnol Fe during 10 nninutes, and only during 5 
8 minutes in the second contact vessel the con- 
centration of Fe(ll) is 0.10 mol per mol Fe. Thus 
the amount of degradation of the chelating agent in 
the first contact vessel is much smaller than the 
amount of degradation in the second contact ves- to 
sel, and the total amount of degradation is much 
smaller than the amount of degradation in case 
only one contact vessel had been used. 

In the line-up as described with reference to 
the drawing, gas mixture and aqueous reactant 75 
solution are contacted counter-currently in contac- 
tor 1. Other gas-liquid contactors can be used as 
welt, examples are a spray column or a co-current 
contactor or any combination of the contactors. 

20 

Claims 

1. Process of removing hydrogen sulphide from a 
gas mixture including hydrogen sulphide com- 
prising contacting the gas mixture in a contac- 25 
tor at a temperature below the melting point of 
sulphur with an aqueous reactant solution in- 
cluding a coordination complex of Fe(lll) with a 
chelating agent to produce a purified gas 
stream having a reduced hydrogen sulphide 30 
content and a spent aqueous solution contain- 
ing solid sulphur and having an increased con- 
tent of coordination complex of Fe(ll) with the 
chelating agent, and regenerating the spent 
aqueous reactant solution to obtain regener- 35 
ated aqueous reactant solution, wherein regen- 
erating the spent aqueous reactant solution 
includes contacting in a first contact vessel the 
spent aqueous reactant solution co-currently 

with free-oxygen containing gas to produce 40 
partly regenerated aqueous reactant solution 
and contacting in a second contact vessel part- 
ly regenerated aqueous reactant solution coun- 
ter-currently with free oxygen-containing gas to 
produce regenerated aqueous reactant solution 45 
which is removed from the lower part of the 
second contact vessel. 

2. Process according to claim 1 , further compris- 
ing removing a sulphur-rich stream from the 50 
lower part of the second contact vessel below 

the location from which regenerated aqueous 
reactant solution is removed. 
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